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AUTOMATED DIAGNOSTIC SYSTEM IMPLEMENTING IMMUNOASSAYS 
AND CLINICAL CHEMISTRY ASSAYS ACCORDING TO A REFLEX 
ALGORITHM 

FIELD OF THE INVENTION 

The present invention relates generally to diagnostic methods and systems, 
and more particularly, to an automated diagnostic platform which integrates 
immunoassays and clinical chemistry assays implemented according to a Reflex 
algorithm, such as a reflex algorithm for use in the early diagnosis of acute myocardial 
infarction as also provided by the present invention, which assists in determining the 
appropriate biochemical tests to be conducted on a given patient and alleviates 
unnecessary assays. 

BACKGROUND OF THE INVENTION 

The contents of all patents, patent applications, published articles, books, 
reference manuals and abstracts cited hereinbelow are herein incorporated by reference in 
their entirety to more fully describe the state of the art to which the invention pertains. 

Essential for the appropriate and optimal treatment and handling of patients 
who present with suspected myocardial infarction is an early diagnosis within the first 
hours after the onset of symptoms, e.g., chest pain, that are believed to be of cardiac 
origin. Although the 12-lead electrocardiogram (ECG) is usually immediately available, 
it is nondiagnostic on admission for the vast majority (e.g., up to about 60%) of patients. 
In cases with typical ST-segment elevations, the diagnosis of acute myocardial infarction 
(AMI) is straightforward. However, in those patients with a non-diagnostic ECG, a 
diagnosis according to World Health Organization (WHO) criteria can only be made by 
also considering the results of biochemical marker tests. 

There has been interest in new biochemical markers for an early rule-in 
and rule-out of AMI. The diagnostic sensitivity and specificity of such markers may be 
high; however, they are often not sensitive enough for confirming or ruling out AMI 
immediately upon admission. It is a goal in the art to be able to identify at an early 
stage those patients, among the heterogeneous group of patients with chest pain, who 
have actually suffered an AMI, for hospital admission and early treatment, while ruling 
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out the possibility of AMI in patients with non-AMI related chest pain to have them 
appropriately treated and discharged early from the emergency room. 

To achieve some of the goals in the art, several methods have been 
proposed, such as diagnostic algorithms based on clinical data (T.H. Lee et al., 1991, N. 
Eng. J. Med., 324:1239-1246; J. Jonsbu et al., 1993, Eur. Heart J., 14:441-446) or 
biochemical markers (P.O. Collinson et al., 1988, Ann. Clin. Biochem., 25:376-382; B. 
Lindahl et al., 1995, Coron. Artery Dis., 6:321-328). In addition, artificial neural 
networks, based on clinical data including ECG (W.G. Baxt, 1991, Ann. Intern. Med., 
115:843-848; W.G. Baxt, 1992, Ann. Emerg. Med., 21:1439-1444), biochemical markers 
(J.W. Furlong et al., 1991, Am. J. Clin. Pathol, 96:134-141; S. Pedersen et al., 1996, 
Clin. Chem., 42:613-617) and frequent sampling and measurement of selected markers of 
AMI (J. Ellenius et al., 1997, Clin. Chem., 43:1919-1925) have been used as an 
alternative technique in AMI diagnosis. 

Reflex algorithms (i.e., algorithms which specify selection of subsequent 
tests based on results of previous tests, without the need for subjective human 
decision-making in selecting tests) have been employed in the areas of clinical chemistry 
and laboratory medicine for more than a decade. Initially, such algorithms were 
suggested for the assessment of thyroid disease, where an assay for thyroid stimulating 
hormone (TSH) was the first-line test, and further markers were chosen, or omitted, on 
the basis of the TSH result (J. Klee, 1987, Clin. Endocrinol., 64:641-671). To date, 
thyroid testing is the only area in laboratory medicine in which reflex testing has found 
acceptance among practitioners in the art. Reflex algorithms for the detection of other 
disease states and medical conditions are not conventionally employed. Thus, reflex 
testing and the use of algorithms for the diagnosis of other diseases are needed in the art 
and promise to improve the diagnostic process through their efficiency, effectiveness and 
reduction of costs of further unwarranted testing. 

An abstract by T.E. Caragher et al. (1997, Clin. Chem., 43:S108) 
discloses serial measurements of several AMI markers at defined time points. The 
criteria for confirmation of AMI were defined based on the results of the testing 
algorithm. The algorithm of Caragher et al. is not a reflex algorithm, because 
subsequently ordered tests do not depend on the previous results obtained. 

J. Ellenius et al. disclosed a computer assisted approach to diagnose acute 
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myocardial infarctions. In this report, creatine kinase isoforms, myoglobin and 
Troponin T were measured in short time intervals and the diagnosis was made by 
processing the results using a neural network. Such a neural network is not performed in 
the manner of reflex testing and does not try to minimize the number of necessary tests. 
Instead, it focuses on obtaining the most accurate information as early as possible from 
several different tests run in very short intervals. 

It is appreciated, therefore, that there is a need for further improvements 
and developments in detecting myocardial infarction, and more particularly, for a reflex 
method for specific and sensitive detection of AMI, and for an automated diagnostic 
platform which integrates immunoassays and clinical chemistry assays implemented 
according to a Reflex algorithm, such as an AMI reflex algorithm. 

SUMMARY OF THE INVENTION 

The present invention overcomes the above, and other, limitations of the 
prior art and the background art by providing a reflex method and system for supporting 
diagnosis of diseases with biochemical markers. In accordance with an illustrative aspect 
of the present invention, there is provided a method and system for detecting myocardial 
infarction in an individual according to a hierarchical ordering of biochemical marker 
measurement steps in which subsequent biochemical marker measurements are selectively 
performed based on the results of previous biochemical marker measurements and 
without the need for human decision making. In accordance with an illustrative 
implementation according to an aspect of the present invention, a method for detecting 
myocardial infarction in an individual includes performing one of a plurality of sequences 
of biochemical marker measurement steps prescribed by a decision tree, each of the 
biochemical marker measurement steps including measuring a concentration level of at 
least one biochemical marker of myocardial infarction in a serum, plasma or whole blood 
sample obtained from the individual at one of a plurality of times from admission. Each 
sequence of the decision tree begins with a common first biochemical marker 
measurement step conducted on a first serum, plasma or whole blood sample obtained 
from the individual within a first predetermined time from admission. Each of the 
biochemical marker measurement steps subsequent to the common first step is selectively 
performed based on results from a precedent biochemical marker measurement step, each 
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sequence terminating in a respective final biochemical marker measurement step 
conducted on serum, plasma, or whole blood sampled from the individual at one of a 
plurality of different times subsequent to admission. In addition to other clinical data, an 
indication of myocardial infarction is provided for the individual based on the sequence 
5 of biochemical marker measurement steps performed and on the results of the final 
biochemical marker measurement step. 

In accordance with another aspect of the present invention, an illustrative 
AMI detection reflex algorithm, which establishes useful biochemical tests for patients 
with suspected myocardial infarction, begins with the step of testing myoglobin and total 
10 creatine kinase activity (total-CK) upon admission to the emergency room or within a 
short defined time interval after admission. Then, in accordance with the reflex 
algorithm, if a negative result is obtained for either of these two biochemical marker 
■ q tests, the two biochemical marker tests are repeated approximately every four hours until 
]^ there is a positive result, or until the test combination is run a predetermined number 
V§ (e.g., four) of times. Should the test results always be negative, the testing cascade is 
s : j finished with a Troponin I test because of its higher specificity and wider time window 
; coverage: a positive result indicates that the patient should be treated for angina and 
P minor myocardial damage; a negative result indicates that causes of chest pain unrelated 
Q to cardiac involvement should be considered. If there are any elevated values obtained 
2| for myoglobin and/or total-CK during the testing regimen described above, a creatine 
n 1 kinase MB (CKMB) mass test is performed. In the case of a positive result for both the 
CKMB mass test and a calculated relative index (RI%) of CKMB to total CK, no further 
testing is required, and an indication of acute AMI according to the World Health 
Organization criteria may be established. In the case of a negative result for the CKMB 
25 mass test, troponin I is measured for clarification. In all instances other than positive 

CKMB and positive RI%, the sequences specified according to the decision tree end with 
a Troponin I test as the final test. The cut-offs of the different markers used in the 
Reflex algorithm are not necessarily identical with the clinically-determined normal 
ranges and may be adjusted for optimal performance of the Reflex algorithm. The 
30 Reflex algorithm is preferably implemented on a computer system, including automated 
diagnostic systems, and may also be implemented as a computer program stored on a 
computer-readable medium. In accordance with yet another aspect of the present 
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invention, in addition to determining the next most appropriate biochemical marker test, 
the Reflex algorithm of the present invention also serves as an Expert System by offering 
suggestions for clinically explaining the test results and/or recommendations for treatment 
and/or testing other than the specific sequence of biochemical marker tests needed to 
detect ML 

In accordance with a further aspect of the present invention, a system is 
provided which includes an immunoassay analyzer, a clinical chemistry analyzer, and a 
processor coupled to the immunoassay analyzer and to the clinical chemistry analyzer. 
The processor commands the immunoassay analyzer and clinical chemistry analyzer to 
execute measurements specified by a program executed by the processor in order to 
facilitate diagnosis of a pathology according to a reflex algorithm which includes at least 
one immunoassay and at least one clinical chemistry assay. 

The method and apparatus of the present invention, by providing a reflex 
algorithm for detecting AMI, facilitates unambiguous and early diagnosis of acute 
myocardial infarctions. Additionally, it not only aids in the determination of the 
appropriate biochemical tests that need to be run on a patient who presents chest pain or 
a suspected heart-associated condition but also, omits the execution of unnecessary assays 
while ensuring that all necessary combinations of laboratory results are covered. The 
reflex algorithm of the present invention, by selecting subsequent tests based upon the 
results of previously-run assays, automatically selects the appropriate biochemical 
markers for a given clinical situation, which concomitantly eliminates the need for human 
decision-making in selecting the tests, and minimizes the number of necessary tests that 
have to be run, thus leading to a faster and more reliable diagnosis of AMI. Such 
features are tantamount to diagnostic efficiency and cost effectiveness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional aspects, features, and advantages of the invention will be 
understood and will become more readily apparent when the invention is considered in 
the light of the following description made in conjunction with the accompanying 
drawings, wherein: 

FIGS, 1A - IF schematically depict a decision tree of an illustrative 
Reflex algorithm for detecting myocardial infarction in accordance with an embodiment 
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of the present invention; 

FIG. 2 schematically depicts a functional block diagram of an illustrative 
computer system used to implement a Reflex algorithm for detecting myocardial 
infarction in accordance with an embodiment of the present invention; and 
5 FIG. 3 shows a functional block diagram of an illustrative integrated 

system for implementing immunoassays and clinical chemistry assays according to a 
Reflex algorithm, in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring generally to FIGS. 1A-1F, there is shown an operational flow or 
10 state diagram for a Reflex algorithm in accordance with an embodiment of the present 
invention. The depicted Reflex algorithm represents a decision tree, or hierarchical 
C= organization, of biochemical marker measurements, including both immunochemistry and 

13 clinical chemistry assays in which the markers have different appearance kinetics 

influencing their sensitivities and specificities within different time windows. More 
: 15 specifically, the illustrative Reflex algorithm of FIGS. 1A-1F employs myoglobin, total 

creatine kinase (tCK or total CK) activity, creatine kinase MB (CKMB) mass, and 
:^ cardiac troponin I (cTNI) biochemical marker measurements. It is known that myoglobin 

□ has early sensitivity to myocardial infarction (about 2-3 hours post infarction), while its 

[q level returns to normal within about 24 hours, whereas total CK is elevated about 6 to 48 

?; f 0 hours post- infarction and peaks about 18 hours after the onset of symptoms. Both 

myoglobin and especially total CK are relatively inexpensive, but are also non-specific to 
the myocardium. Troponin I is very specific but appears in the circulation later, and is 
relatively expensive compared to myoglobin or total CK. The optimum sensitivity for 
Troponin occurs at about 5-48 hours post-infarction. CKMB has a specificity less than 
25 that of Troponin I but greater than that of myoglobin and total CK, and has a sensitivity 
time window of about 5-48 hours post-infarction. 

For clarity of exposition, as will be more fully understood hereinbelow, as 
depicted in FIGS. 1A-1F, rectangular shapes indicate assay execution steps (i.e., one or 
more biochemical marker measurements), elliptical nodes identify provisional or final 
30 patient status indications depending respectively on whether or not they are followed by 
an additional biochemical marker measurement step (i.e., indicated by a rectangle), 
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trapezoidal nodes indicate suggested treatments and/or follow-up procedures based on the 
diagnostic endpoint (i.e., the final patient status indication) and preferably also on the 
sequence of foregoing test results which lead to the endpoint. It is noted that the 
elliptical nodes which are followed by another assay execution step (i.e., the provisional 
5 indications) do not represent steps which are necessarily indicated in practicing the Reflex 
algorithm, but are shown for clarity in describing the underlying logical structure and 
arrangement of the operational flow. As will be more fully understood below, however, 
such provisional indications may be provided as suggestions for clinically explaining the 
test results thus far obtained, and may also be associated with other suggested treatments 
10 or recommendations to the physician. It is also noted that all biochemical marker 

measurements or assays identified in each of FIG. 1A, FIG, IB, FIG. 1C, FIG. ID, 
FIG. IE, and FIG. IF are executed on blood drawn, in order, upon admission (e.g., 
:ji within about three hours of admission), and in four hour increments subsequent to the 

■S time of the initially drawn blood upon admission (i.e., FIG. ID and FIG. IE 

;15 corresponding to 12 hours and 16 hours post-admission, respectively). In addition, for 
- j simplicity, reference to blood, blood sample, or the like being used for a biochemical 

marker measurement, is generically used to refer to using whole blood, serum, or plasma 
y as appropriate for the assay conducted. 

q Referring now more specifically to FIGS. 1A-1D, upon admitting a patient 

; J0 complaining of chest pain and/or demonstrating an abnormal (i.e., negative) 

electrocardiogram (ECG) measurement (step 98), both myoglobin and total creatine 
kinase (total CK) assays are run on blood samples drawn from the patient at that time 
(step 100), which is preferably as soon as possible. Initially testing both myoglobin and 
total-CK is effective in detecting recent (e.g., 2-3 hours post-onset) as well as older 
25 (e.g., 5-48 hours post-onset) infarctions. 

If in step 100, the total CK measurement produces a positive result 
(indicated tcK:P; "positive" total CK meaning that total CK activity is above some 
threshold level), indicating the possibility of AMI (step 106) or the possibility of 
progressed AMI (i.e., late AMI, step 108), then in step 110 a creatine kinase MB 
30 measurement (CKMB) is performed using the first blood sample, and the percentage 

relative index (%RI) represented by the ratio of CKMB to total CK (using the total CK 
measurement for the first blood sample) is calculated. If the CKMB concentration is 
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above a threshold level (i.e., positive, indicated as CKMB:P) and %RI is above a 
threshold (i.e., positive, indicated as %RI:P), then AMI, consonant with the World 
Health Organization definition, is indicated as the diagnosis of cardiac status for the 
patient (step 112), and preferably a follow-up CKMB measurement is suggested to the 
5 physician (step 118). Alternatively, if in step 110 the CKMB concentration is negative 
and %RI is negative (i.e., CKMB:N, %RI:N), indicating a possible skeletal muscle 
injury causation (step 116), then to further titrate the diagnosis and more specifically 
assess cardiac status, the flow proceeds via step 236 wherein the concentration of cardiac 
troponin I (cTNI) is measured for blood drawn about four hours after the first blood 
10 sample was drawn. If, however, in step 110 the CKMB concentration is positive and 

%RI is negative (i.e., CKMB:P, %RI:N), indicating a possible AMI or possible skeletal 
muscle injury causation (step 114), then cTNI is measured for the first blood sample 

=0 (step 120). If in step 120 cTNI is positive, then AMI, consonant with the World Health 

Organization definition, is indicated as the diagnosis of cardiac status for the patient 

H 5 (step 122), and preferably a follow-up troponin I measurement is suggested to the 

y physician (step 126). Alternatively, if in step 120 cTNI is negative (i.e., TNI:N), 

indicating a possible skeletal muscle injury causation (step 124), then to further titrate the 
diagnosis and more specifically assess cardiac status, the flow proceeds to step 228 

Q wherein the concentration of troponin I is measured for blood drawn about four hours 

.^0 after the first blood sample was drawn. 

It is appreciated that in accordance with the present invention, the 
illustrative embodiment of FIG. 1A provides possible pathways (i.e., a pathway 
representing a series of biochemical marker measurement steps performed according to 
the Reflex method, also referred to herein as a thread or sequence) for early detection of 
25 AMI as represented by the two diagnostic endpoints indicative of AMI (i.e., steps 112 
and 122) which result from biochemical measurements on blood drawn upon admission 
only and do not require further blood samples that may be needed to diagnosis cardiac 
status in other patients according to the Reflex method. 

Referring again to step 100, both tests indicating negative results (indicated 
30 as Myo:N, tcK:N; "negative" total CK meaning that total CK activity is below some 

threshold level; "negative" myoglobin meaning that myoglobin blood concentration is less 
than some threshold level) suggests that AMI is either not present or in its very early 
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stages (step 102). Similarly, a positive myoglobin result (i.e., indicating a myoglobin 
blood concentration greater than a threshold level) and negative total CK result suggests 
that AMI may be in its early stages (step 104) because, as described, the myoglobin 
assay has its greatest sensitivity earlier than that of the total CK assay sensitivity. Since 
5 either of these cases in which initially measured total CK is negative may be due to the 
patient exhibiting early AMI, in either event an additional set of myoglobin and total CK 
tests are run (step 200) on blood drawn preferably about four hours after the time that the 
blood was drawn for the first set of myoglobin/ total CK assays. 

Referring now to steps 200-226, it is noted that these steps are directly 
10 analogous to hereinabove described steps 100-126, and thus will not be specifically 

described for purposes of brevity and clarity of exposition. As mentioned, biochemical 
marker measurements in steps 200-226 are preferably conducted on blood sampled about 
q four hours after the first blood sample was drawn from the patient, steps 200-226 thus 

S representing a measurement sequence corresponding to steps 100-126 but time delayed in 

;|5 order to identify, diagnose, and/or titrate delayed presentation of AMI relative to time of 
'-■4 admission. It is also noted that if either (i) both CKMB and %RI are negative in 

step 210, or (ii) cTNI is negative in step 220, each case indicative of possible skeletal 
^ muscle injury (steps 216 and 224), then to further titrate the diagnosis and more 

□ specifically assess cardiac status, the flow proceeds to step 328 wherein the concentration 

30 of troponin I (cTNI) is measured for blood drawn about eight hours after the first blood 
3 sample was drawn. In addition, in step 200, similar to step 100, in either case where 

total CK is negative (steps 202 and 204), myoglobin and total CK will be measured on a 
subsequently drawn blood sample (step 300), which in this case is for blood drawn 
preferably about eight hours after the first blood sample (i.e., about four hours after the 
25 second blood sample). More specifically, if in step 200 either: (i) both tests indicate 
negative results (i.e., Myo:N, tcK:N), suggesting that AMI is not present 
(step 202) because there was no positive change in total CK (i.e., no increase in activity 
beyond the threshold) and myoglobin either remained or became negative, or (ii) 
myoglobin is positive and total CK is negative (Myo:P, tCK:N), suggesting that the 
30 patient may be in the early stages of AMI (step 204) because total CK remained negative 
and myoglobin remained or became positive, then in step 300 myoglobin and total CK is 
measured for blood drawn about eight hours after the first blood sample was drawn. 
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Referring to step 228, as mentioned, since a cTNI measurement of the first 
blood sample (i.e., step 120) did not indicate a level sufficient to indicate AMI, cTNI is 
measured for blood sampled about four hours after the first blood sample was drawn in 
order to further titrate a diagnosis. If in step 228 cTNI is positive, then AMI, consonant 
5 with the World Health Organization definition, is indicated as the diagnosis of cardiac 
status for the patient (step 122), and preferably a follow-up troponin I measurement is 
suggested to the physician (step 322). Alternatively, if in step 228 cTNI is negative 
(i.e., cTNI:N), indicating a possible skeletal muscle injury causation (step 124), then to 
still further differentiate a diagnosis and more specifically assess cardiac status with a 
10 statistically significant degree of certainty, the flow proceeds to step 328 wherein the 

concentration of troponin I is measured for blood drawn about eight hours after the first 
blood sample was drawn. 
iO Referring to step 236, since for the first blood sample CKMB and %RI 

were both negative despite a positive cTNI measurement, cTNI is measured for blood 
^15 sampled about four hours after the first blood sample was drawn in order to further 
y assess the cause of elevated cTNI and to differentiate a diagnosis. If in step 236 cTNI is 

positive, then AMI is indicated as the diagnosis of cardiac status for the patient 
(step 238), and preferably a follow-up troponin I measurement is suggested to the 
Q physician (step 242). Alternatively, if in step 236 cTNI is negative (i.e., cTNI:N), 

[AO indicating a possible skeletal muscle injury causation (step 240), then to still further 
differentiate a diagnosis and more specifically assess cardiac status with a statistically 
significant degree of certainty, the flow proceeds to step 328 wherein the concentration of 
troponin I is measured for blood drawn about eight hours after the first blood sample was 
drawn. 

25 In step 328, if cTNI is positive, then cardiac damage which is possibly but 

not likely AMI is indicated as the diagnosis of cardiac status for the patient (step 330), 
and preferably a follow-up troponin I measurement is suggested to the physician 
(step 242). It is noted that the degree of cardiac damage may be further indicated, as 
well as different suggested treatments, based on the measured troponin I level (e.g., 

30 greater than 0.9 ng/ml indicating AMI rather than unstable angina). Alternatively, if in 
step 328 cTNI is negative (i.e., cTNI:N), still indicating a possible skeletal muscle injury 
causation (step 332), then to still further differentiate a diagnosis and more specifically 
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assess cardiac status with a statistically significant degree of certainty, the flow proceeds 
to step 428 where the concentration of troponin I is measured for blood drawn about 
twelve hours after the first blood sample was drawn. 

Referring now to step 300, which is performed if total CK activity was 
5 negative for both the first blood sample (step 100) and the blood sample drawn four 

hours after the first blood sample (step 200), if myoglobin and total CK measurements 
both produce negative results, then it is likely that no AMI is present (step 302) because 
the total CK activity never exceeded the threshold and the myoglobin concentration either 
decreased below threshold or never exceeded the threshold. Accordingly, in order to 
10 further differentiate the diagnosis and more specifically assess cardiac status, in step 428 
the concentration of troponin I (cTNI) is measured for blood drawn about twelve hours 
after the first blood sample was drawn. 
\Q If, however, in step 300 the total CK measurement produces a positive 

;S result, indicating the possibility of AMI (step 306) or the possibility of progressed AMI 

""45 (i.e., late AMI, step 308), then in step 310 a creatine kinase MB measurement (CKMB) 
; - ; 4 is performed using the blood sampled at about eight hours after the first blood sample, 

and the percentage relative index (%RI) represented by the ratio of CKMB to total CK 
(using the total CK measurement for the eight-hour blood sample) is calculated. If the 
O CKMB concentration is above a threshold level (i.e., positive, indicated as CKMB:P) and 

;-?0 %RI is above a threshold (i.e., indicated as %RI:P), then AMI, consonant with the 
Wi World Health Organization definition, is indicated as the diagnosis of cardiac status for 

the patient (step 312), and preferably a follow-up CKMB measurement is suggested to 
the physician (step 318). Alternatively, if in step 310 the CKMB concentration is 
negative and %RI is negative (i.e., CKMB:N, %RI:N), indicating a possible skeletal 
25 muscle injury causation (step 316), then to further differentiate the diagnosis and more 

specifically assess cardiac status, the flow proceeds to step 428 wherein the concentration 
of troponin I is measured for blood drawn about twelve hours after the first blood sample 
was drawn. If, however, in step 310 the CKMB concentration is positive and %RI is 
negative (i.e., CKMB:P, %RI:N), indicating a possible AMI or possible skeletal muscle 
30 injury causation (step 314), then cTNI is measured for the blood sample drawn about 
eight hours after the first blood sample was drawn (step 320). If in step 320 cTNI is 
positive, then AMI, consonant with the World Health Organization definition, is 
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indicated as the diagnosis of cardiac status for the patient (step 322), and preferably a 
follow-up troponin I measurement is suggested to the physician (step 322). Alternatively, 
if in step 320 cTNI is negative (i.e., TNI:N), indicating a possible skeletal muscle injury 
causation (step 324), then to further differentiate the diagnosis and more specifically 
5 assess cardiac status, the flow proceeds to step 428 wherein the concentration of 

troponin I is measured for blood drawn about twelve hours after the first blood sample 
was drawn. 

Referring now to step 428, which, as may be understood from the 
foregoing, will be performed as a result of any one of multiple pathways unless 
10 terminated before, if the troponin I concentration exceeds a threshold, corresponding to a 
positive result (i.e., TNI:P), then cardiac damage is indicated (step 432) as a diagnosis, 
and preferably certain specific follow up procedures are recommended (step 436) (e.g., 
■ ; y follow up visit for troponin I measurement). It is noted that the degree of cardiac 

|S damage may be further indicated, as well as different suggested treatments, based on the 

;;|5 measured troponin I level (e.g., greater than 0.9 ng/ml indicating AMI rather than 
%J unstable angina). If, however, the troponin I measurement result is negative (i.e., 

cTNI:N), then no cardiac damage is indicated as the diagnosis (step 430), and it is 
^ recommended that the patient be treated for non-cardiac origin of chest pain (step 434). 

□ Referring again to step 300, if myoglobin is positive and total CK is 

:J|0 negative, indicating a possible early AMI (step 304), then yet a further myoglobin and 
UJ total CK measurement is taken, using blood sampled at about twelve hours after the first 

blood sample was drawn (step 400). For purposes of brevity and clarity of exposition, 
the progression of each and every step within steps 400-426, steps 500-526, steps 
528-534, and steps 628-636 are not described in detail because they directly correspond, 
25 in order, to the flow of steps 200-226, steps 300-326, steps 328-334, and steps 428-436 
with the following distinctions. First, for corresponding biochemical marker 
measurement steps, the blood is drawn about eight hours later (e.g., steps 628-636 and 
steps 428-436 are performed on blood drawn about 20 hours and 12 hours, respectively, 
after the first sample was drawn). Second, whereas in step 300 a positive myoglobin 
30 result and a negative tCK result are followed by a myoglobin and total CK measurement 
on a later drawn blood sample in step 400 (i.e., initiating the time delayed pathways 
represented by steps 400-426, steps 500-526, steps 528-534, and steps 628-636), in 
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step 500 a positive myoglobin result and a negative total CK are followed by a cTNI 
measurement, since troponin I has not been elevated (i.e., at a positive level) for 
measurements on blood sampled every four hours through sixteen hours. 

It is understood that the time delayed measurement pathways following a 
5 measurement of positive myoglobin and negative tCK in step 300 are provided to ensure 
the possibility of properly diagnosing AMI in the event that the elevated myoglobin on 
blood sampled eight hours after the first blood was drawn is due to a delayed 
presentation of AMI relative to time of admission (i.e., early AMI). It may be further 
appreciated that since a measurement of positive myoglobin and negative tCK in 
10 step 300, after twelve hours, may be indicative of early AMI detection, in addition to 
specifying a subsequent biochemical marker measurement step (i.e., step 400), in 
accordance with the present invention, not only may this provisional indication of early 
*Q AMI be noted to a physician (corresponding to noting time of AMI onset) but also a 

jJJJ recommendation of certain treatments to mitigate further cardiac damage may also be 

"| 5 made to the physician. 

More generally, throughout various points in the Reflex algorithm of 
FIGS. 1A-1F provisional indications (i.e., indicated by elliptical shapes), and possibly 
also certain recommended treatments or other clinical tests, may be noted to a physician 
□ as the measurements specified by the Reflex algorithm progressively are performed 

;^0 before an endpoint is reached. In addition, the indications and/or recommended 
^ treatments at a given point, including the endpoints, in the Reflex method may be not 

only dependent on the endpoint itself (i.e., characterized by at least one sequence of tests 
that result in the endpoint), but also further dependent on the specific pathway traversed 
(i.e., the specific sequence of tests performed and their results) thereto, since, as 
25 depicted, more than one pathway may lead to a common point in the flow. As an 

example of endpoint-dependent recommendation, an early diagnosis of AMI within the 
four hour time window may be suggestive of invasive treatment (e.g., enzymatic lysis or 
rescue PTC A), whereas later diagnosis of AMI (e.g., 12 hours) may be suggestive on 
non-invasive treatments. By way of example of specific-sequence-dependent diagnosis, 
30 consider that the indication and/or recommendation at step 330 preferably depends on 

whether it was reached via path 110-^120^228-^328 or path 200-^210-^328: the former 
path indicating AMI as very likely because CKMB was elevated, the latter path indicating 
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a reasonable likelihood of unstable angina because CKMB was not elevated. In this 
respect, it is appreciated that the Reflex method provides for an Expert system for 
assessing and treating patients with possible cardiac damage. Such an Expert system may 
also draw upon additional patient information, such as patient medical history, other 
5 clinical tests performed since admission, and family history, preferably stored in a 
database, in order to provide a diagnosis and/or a treatment recommendation. 

It may be appreciated that in accordance with the present invention, the 
illustrative embodiment of FIGS, 1A-1F provides possible pathways for detection of 
AMI or cardiac damage without requiring that all blood samples included in the overall 
10 Reflex method be drawn. More specifically: two diagnostic endpoints are provided based 
only on blood drawn upon admission (i.e., steps 112 and 122); four diagnostic endpoints 
are provided based only on blood drawn upon admission and four hours later (i.e., 
■h steps 212, 222, 230, and 238); three diagnostic endpoints are provided based only on 

blood drawn upon admission, and four and eight hours later (i.e., steps 312, 322, and 
';|5 330); four diagnostic endpoints are provided based only on blood drawn upon admission, 
sj as well as four, eight, and twelve hours later (i.e., steps 412, 422, 430, and 432); three 

diagnostic endpoints are provided based only on blood drawn upon admission, as well as 
y four, eight, twelve, and sixteen hours later (i.e., steps 512, 522, and 530); and only two 

q endpoints (i.e., steps 630 and 632) are provided based on all blood samples included in 

[pp the overall Reflex method (i.e., blood drawn every four hours up through twenty hours 
after the first sample was drawn). 

As may be more fully appreciated in view of the foregoing description of 
FIGS. 1A-1F, the design of such a Reflex method for detecting AMI is based on 
sequencing biochemical marker measurements having various sensitivity, specificity, and 
25 appearance kinetics in such a manner so as to include pathways that: (i) result in an 

indication of no cardiac damage with a high degree of confidence (i.e., small probability 
of false negative), and (ii) result in an indication of AMI without always requiring that 
measurements be made on blood sampled for all blood sampling times used in the Reflex 
method, while accounting for the possibility of various onset times of AMI relative to 
30 time of admission. As such, it is understood that many variations and alternative Reflex 
algorithm implementations are possible. For instance, other markers may be substituted 
for ones used in the Reflex algorithm of FIGS. 1A-1F; for example, glycogen 
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phosphorylase or heart-type fatty acid binding protein may be substituted for myoglobin, 
or Troponin T may be substituted for Troponin I. In addition, alternative Reflex 
algorithms may be designed and implemented using any of myriad other biochemical 
markers having various sensitivity, specificity, appearance kinetics, and costs, including 
5 for example: myoglobin, total creatine kinase, creatine kinase MB, troponin T, troponin 
I, glycogen phosphorylase BB, lactate dehydrogenase, heart-type fatty acid binding 
protein (h-FABP), carbonic anhydrase III, actin, myosin, and creatine kinase MB 
isoforms. 

In addition, the design of such a Reflex method may also consider other 
10 factors, such as the associated monetary cost of the different biochemical marker 

measurements, time of blood sampling, and assay threshold levels. For instance, in the 
Reflex algorithm of FIGS, 1A-1F, troponin I measurements could replace CKMB 
m measurements if cost were not a consideration; however, since troponin I is relatively 

S expensive, CKMB measurements are implemented in various pathways (e.g., lower risk) 

H5 to further differentiate a diagnosis such that a troponin I measurement may not be 
\i necessary. Generally, the times at which the patient's blood is drawn are selected in 

accordance with the preferred times (e.g., based on time-dependent sensitivity) for the 
y various assays, as known from established testing procedures. Standard thresholds/levels 

13 (e.g., from the published literature) may be implemented for the different assays used; 

Jj40 however, as may be further understood below, the thresholds preferably may be adjusted 
to optimize diagnosis (e.g., a more conservative threshold to minimize false negatives) 
for a given Reflex algorithm decision tree structure. 

Accordingly, it is appreciated that myriad variations of the illustrative 
Reflex algorithm depicted in FIGS, 1A-1F are possible, as well as myriad alternative 
25 Reflex algorithm implementations in accordance with the present invention. In any 

event, once a preliminary Reflex algorithm is designed according to these principles and 
criteria, its efficacy in classifying cardiac patients may be assessed by clinical testing of 
patients using each and every assay employed in the algorithm (and perhaps other tests as 
well), and comparing the classification using the designed Reflex algorithm to the results 
30 indicated by all the tests. An important factor is avoiding any false negative results or 

other mis-classification which would adversely affect patient classification, diagnosis, and 
treatment. By analyzing these results, it may be understood how the preliminary Reflex 
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algorithm should be, if at all, modified in order to enhance classification (e.g., adding 
additional testing steps to certain branches of the algorithm and/or adjusting certain 
threshold levels, such as increasing a threshold level to avoid false negatives) and/or 
efficiency (e.g., eliminating certain steps of a branch in the algorithm and/or adjusting 
5 certain threshold levels). It is noted that for the threshold levels used in the illustrative 
embodiment represented in FIGS. 1A-1F, when total CK is positive it is not possible for 
CKMB to be negative and %RI to be positive. 

In accordance with an embodiment of the present invention, an AMI 
Reflex method such as that illustrated in FIGS, 1A-1F is preferably implemented 
10 programmatically in a processing system. It is appreciated that there are myriad 

processing system arrangements as well as programming paradigms for implementing the 
AMI Reflex method. For example, in a relatively simple arrangement, FIG. 2 illustrates 
%n a conventional digital computer system 60, comprising processing unit 66 coupled to 

memory 64 (e.g., RAM), another computer-readable medium 65 (e.g., flash memory, 
Hs magnetic hard-drive, CD-ROM, etc.), an input device 68 (e.g., a keyboard and/or mouse 
h --4 and/or digital data input port), and output devices such as display 70 and printer 72, and 

wherein computer system 60 implements an AMI Reflex algorithm (e.g., the algorithm 
)zi depicted in FIGS. 1A-1F) by stored-program execution. For instance, input device 68 

Q implemented as a keyboard may be used by an operator to input results from one or 

^|0 more biochemical marker measurements, the input results then undergoing processing by 
Ud program control of processing unit 66 in accordance with the AMI Reflex method, and 

subsequent biochemical marker measurement steps, diagnoses, and/or treatment 
recommendations specified by the AMI Reflex method according to such processing 
being output to display 70 and/or printer 72. It is understood that digital computer 
25 system 60 may also have access to a patient database (e.g., stored on computer-readable 
medium 65, or via a network to which computer system 60 has access) which includes 
other information to facilitate diagnosis or treatment. 

In somewhat more detail, in such an implementation, for each identifiable 
patient the processor 66 executes the AMI Reflex algorithm in order to determine one or 
30 more biochemical marker measurements to be performed, and prompts an operator (e.g., 
via display 70) to execute the determined one or more biochemical marker 
measurements. After executing the measurements on an immunoassay analyzer (e.g., 
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Immuno I, manufactured by Bayer Corporation) and/or on a clinical chemistry analyzer 
(e.g., OpeRA, manufactured by Bayer Corporation), the operator inputs the results of the 
measurements for the patient into the processing system via, for example, the keyboard 
and/or mouse 68. In response to such input, the processing system specifies either an 
5 additional biochemical marker measurement(s) for execution or an indication of the 

patient's myocardial status (e.g., a diagnosis when the input is associated with the final 
biochemical marker measurement(s) of a measurement sequence). In addition, at various 
points during execution of the Reflex algorithm, the processing system may indicate 
suggested additional tests or treatments to be conducted and/or suggestions for clinically 
10 explaining the test results. More specifically, by way of example, if the early stages of 
myocardial infarction are provisionally detected (e.g., based on the progression along a 
certain sequence of biochemical marker tests) before completing a full sequence of 
i?j biochemical measurements, the processing system may, in addition to specifying 

subsequent biochemical marker tests to be executed for further titrating cardiac status, 
■15 recommend certain treatments to mitigate further cardiac damage. 
-J For the system of FIG, 2, various data structures or programming 

paradigms may be used to programmatically implement the AMI Reflex method and user 
interface. For example, the overall decision tree structure of FIGS. 1A-1F may be 
□ implemented as a hierarchy of downwardly linked list of records, each record having 

[£0 associated fields which may contain elements relating to provisional or final indications 
<9 (e.g., indications shown in the ellipses) and/or provisional or final recommended 

treatments to be output to display 70 and/or printer 72, as well as pointers to other 
records in the list. As inputs are received via input device 68, a main program and/or 
various subroutines or modules use the inputs to identify an appropriate pointer to point 
25 to the next record, and appropriate subroutines or modules handle processing and/or 

outputting any appropriate information from the fields. In addition, the linked list may 
be further logically partitioned compared to the illustrative depiction in FIGS, 1A-1F 
such that indications and/or recommended treatments are more specifically dependent on 
the specific pathway traversed. In this illustrative programmatic implementation, the 
30 program and/or linked list data may be stored in memory 64 (e.g., RAM) and processing 
unit 66 (CPU) processes these signals to effect the AMI Reflex algorithm. 

As may be appreciated, in an alternative embodiment depicted in FIG, 3, a 
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control processor 40, such as digital computer system 60 of FIG. 2 or a microcontroller 
or microprocessor with any associated elements (e.g., memory, etc.), may be interfaced, 
by way of well known interfacing techniques, or otherwise integrated, with an 
immunoassay analyzer 42 and a clinical chemistry analyzer 44 to control and/or acquire 
5 data from assay test equipment. For example, immunoassay analyzer 42 may be an 

Immuno I manufactured by Bayer Corporation, and clinical chemistry analyzer 44 may 
be an OpeRA manufactured by Bayer Corporation, each interfaced to a personal 
computer or workstation which executes a program implementing the AMI Reflex 
algorithm (e.g., using PDC Concentrator software, from Technidata of France). It is 
10 understood that in such a system, the clinical chemistry analyzer and the immunoassay 
analyzer may run different samples (e.g., from different patients) concurrently in 
response to separate commands (e.g., writing into the respective loadlists of the 
ifi analyzers) from processing system 40. Sample transfer between immunoassay analyzer 

and clinical chemistry analyzer may be implemented by a sample load/exchange 
H5 system 46, which may be any of various known sample transfer mechanisms and systems 
(e.g., Labcell manufactured by Bayer, or Lablnterlink manufactured by LabFrame of 
Omaha, Nebraska), shown under the control of control processor 40. It is understood 
^ that coupling of control processor 40 to sample load/exchange system 46, immunoassay 

□ analyzer 42, and clinical chemistry analyzer 44 may be implemented in various ways, 

\ 40 such as dedicated buses or ports and/or shared buses or ports. Also, immunoassay 
^ analyzer 42 and clinical chemistry analyzer 44 may be operative in controlling sample 

exchange via sample load/exchange system 46. 

It is understood that various processor arrangements may be implemented 
to provide an immunoassay analyzer and a clinical chemistry analyzer which are 
25 coordinately controlled according to an AMI reflex algorithm in accordance with the 

present invention, such that all tests may be specified and automatically executed without 
human intervention, other than the ministerial task of drawing additional blood samples 
that may be required as requested by the processing system implementing the AMI 
Reflex algorithm. For example, it is understood that the system of FIG. 3 may be 
30 implemented to closely integrate control processor 40 and the analyzers into a single 

instrument or platform, for example, by dedicating the control processor to the analysis 
equipment, each analyzer having its own processor. Alternatively, a single processor 
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(e.g., control processor 40) may directly control both analyzers, with the analyzers not 
having their own local processors. In yet another alternative implementation, the AMI 
Reflex algorithm may be executed cooperatively on only two processors, each dedicated 
to one of the analyzers, with a sample transfer system between the analyzers. In a 
5 further alternative implementation, the immunoassay and clinical chemistry analyzers 

may have their own processors and be networked with one or more control processors or 
servers via a private network (e.g., a local area network (LAN), or a private wide area 
network (WAN)), or via a public network (e.g., Internet, WAN, or public-switched 
telephone network dial-up) to provide a public network-based Reflex algorithm service. 
10 As mentioned, each analyzer may have its own, dedicated (e.g., local) 

processor, and a third control processor may coordinate overall processing according to 
the AMI Reflex method for the samples; such an implementation may employ various 
multiprocessing or parallel processing architectures or paradigms. By way of a simple 
!^ example, a master/slave implementation may be employed, with the third control 

H5 processor being the master, the two local processors being slaves. In such an 
y implementation, it is understood that programmatic implementation of the Reflex 

algorithm may be distributed in various ways between control and each local processor, 
y For example, for a given sample, the control processor may explicitly command each 

o biochemical marker measurement for each analyzer in accordance with the AMI Reflex 

\&0 algorithm, and the local processors each controlling all the steps required to complete the 
^ specified measurement (e.g., sample and reagent handling, marker concentration 

measurement, etc.). Alternatively, the respective local processors may be programmed 
to execute, in response to a single command or message from the control processor, 
subroutines or subsequences of the Reflex algorithm which include a series of 
25 measurement steps that are of the respective type measured on the analyzer (i.e., clinical 
chemistry assay or immunoassay), and the control processor may maintain overall 
coordination between the analyzers for branches between immunoassays and clinical 
chemistry assays for the various pathways of the AMI Reflex algorithm. As various such 
branch points are encountered by the local processor (e.g., either at some point within 
30 the subroutine as conditioned on the results of biochemical marker measurement(s), or at 
the end of a subroutine) of the analyzer processing a given sample, the local processor 
may communicate a message to the control processor (e.g., using an interrupt request) 
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indicative of the branch point, and the control processor can appropriately communicate a 
message to the other analyzer as to which as to what measurement or subroutine should 
be executed on the sample (or take other appropriate action, such as provide a final 
diagnosis and treatment recommendations). 
5 As also mentioned, in an alternative implementation, analyzers and control 

processors or servers may be coupled over a network. It is understood that in such a 
system, for example, the AMI Reflex method may be an application implemented by a 
server, and AMI Reflex method data may also be written into a patient database (e.g., 
directly from the automatic assay testing equipment). Alternatively, an integrated 
10 automatic diagnostic combined immunoassay/clinical chemistry assay analyzer system 
may be implemented as a node on the network, and have access to other network 
resources such as patient databases. Such a network implementation is well-suited for 
implementing an Expert system. 

For each of these illustrative implementations, the AMI Reflex algorithm 
J 5 may be implemented according to various programming paradigms or data structures, 
■st some of which have been described by way of example for a particular implementation. 

For example, the program may be generally structured according to a hierarchical 
y downward linked list of files. Also, the Reflex algorithm may be partitioned or 

q distributed between or among dedicated processors for the immunoassay and clinical 

; i|0 chemistry analyzers and a control processor in communication with the dedicated 

processors. In addition, each of these systems may be implemented as Expert Systems. 
As noted, the Reflex algorithm may be implemented to provide additional treatment or 
testing recommendations based on the specific progression of results along a 
measurement path (also referred to herein as sequence or thread). To further enhance 
25 diagnostic efficacy of such an Expert system, the processing systems may also have 

access to additional patient data (e.g., via a database), such as patient medical history, 
family history, results from additional tests performed (e.g., electrocardiogram analysis) 
since admission, etc., and diagnosis and/or treatment recommendations may also account 
for such information. Of course, such an Expert system may be implemented off-line 
30 and/or on a network by a processor which is independent of the analyzers or control 
processor, and which has access to AMI Reflex method results and other patient data 
(e.g., coupled to a patient database to which Reflex method testing results are written). 
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It is further appreciated that a Reflex algorithm for AMI is only one of 
myriad possible reflex-type algorithms that may be developed for implementation by the 
foregoing illustrative systems which include both an immunochemistry analyzer and a 
clinical chemistry analyzer under control of at least one processor implementing a 
5 reflex-type algorithm. For example, such a system may be employed to implement 

reflex-type algorithms that may be developed in order to diagnose other pathologies such 
as liver disease, lipid risk, or other pathologies where both immunoassays and clinical 
chemistry assays are used. Further, it is understood that such a system may further 
integrate additional instrumentation to implement any further testing (e.g., hematology, 
10 urinalysis) required by the reflex algorithm. 

The following example is meant to illustrate and exemplify various aspects 
of carrying out the present invention and is not intended to limit the invention. 
1 EXAMPLE 

% The reflex algorithm in accordance with the present invention was 

45 evaluated and refined during a clinical trial at Hartford Hospital, Hartford, CT, in which 
4 it was demonstrated that performance of the algorithm can reduce the number of tests 

performed on a patient by about 70%, compared with a testing scheme in which all 
markers were tested regardless of the outcome of previous tests. Other algorithms in the 

□ art suffer from the latter type of test scheme, which is more time consuming and costly 

;^0 than the novel reflex algorithm of the present invention. 

: ^ The experiment comprised measurements of creatine kinase (tCK) activity, 

its MB isoenzyme (CKMB) as a mass assay, myoglobin, and cardiac troponin I (cTNI) 
for blood samples collected serially, upon admission and in four hour increments up 
through twelve hours post-admission, on patients presenting to the emergency room with 
25 a chief complaint of chest pain. Analysis of total CK was performed on a Technicon 
RA-XT whereas all other assays were performed on an Immuno 1 instrument (Bayer 
Corporation). The diagnostic results based on all such measurements were compared 
with the results provided by applying the Reflex algorithm of FIGS, 1A-1F to the 
measured data. In the Reflex algorithm, the cut-off (i.e., threshold) levels for 
30 Myoglobin, CKMB and Troponin I were used as recommended by the manufacturer of 
the test (i.e., Bayer in this case), and the cut-off level for t-CK was set at 100 U/L 
although the manufacturer recommends 130 U/L; this is to help to avoid false positive 
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results during reflex testing. The cut-off for the %RI (Percent Relative Index) was set at 
4% For the purpose of this experimental study the data were run through the Reflex 
algorithm manually. It is noted that development of this illustrative Reflex algorithm 
considered the cost-effective use of cardiac markers for the emergency department 
evaluation of patients with chest pain. 

Based on the results from the biochemical marker measurements, patients 
were categorized by the Reflex algorithm into one of eighteen possible endpoints (steps 
shown as including labels A-R in FIGS, 1A-1F) in the Reflex algorithm. Diagnoses for: 
endpoints A and B would require only the first sample at the time of admission; 
endpoints C, D, E and F would require only the first blood sample and an additional 
blood sample drawn 4 hours post-admission; endpoints G, H and I would require blood 
samples drawn up through 8 hours post-admission; endpoints J, K, L, M would require 
blood samples drawn through 12 hours post-admission; endpoints N, O and P would 
require blood samples drawn up through 16 hours post-admission; and endpoints Q and 
R would require blood samples drawn through 20 hours post-admission. 

The distribution of patients with AMI (sample size of n=34), as 
determined from all biochemical marker measurements, reaching various endpoints 
according to application of the Reflex algorithm was as follows: A = 52.94%; 
B = 11.76%; C = 17.64%; E = 2.94%; F = 11.76%; I = 2.94%. All the patients in 
non-AMI group (n=67) reached endpoint J, 12 hours post-admission. Notably, no 
diagnosis required any samples drawn beyond 12 hours post-admission, which represents 
the unlikelihood of a patient having a positive myoglobin result and a negative total CK 
result at 8 hours post admission after demonstrating negative total CK upon admission 
and four hours later. Nevertheless, provision of such a pathway in the illustrative Reflex 
algorithm is useful to diagnose detecting the possibility of early AMI beyond four hours 
post-admission. 

The experimental results therefore show that 64.70% of AMI cases were 
diagnosed using the Reflex algorithm with only the first sample at admission, 32.34% 
with the first sample at admission and a sample drawn about 4 hours later, and the 
remaining 2.94% with the first sample at admission as well as samples drawn 4 hours 
and 8 hours post-admission. For this entire sample of patients (i.e., both AMI and 
non-AMI), using only the Reflex algorithm for diagnosing myocardial status would have 
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reduced the number of tests from 1616 if all markers were tested to 589. It is noted that 
this reduction in the number of tests required to diagnose AMI according to the Reflex 
algorithm is due, in part, to the hierarchical arrangement of tests such that normal results 
for myoglobin and total CK for the first two samples separated by about 4-6 hours 
5 obviates the need for CKMB, and abnormal results for myoglobin and CKMB may be 

sufficient to indicate presence of acute myocardial infarction without the need to perform 
cTNI. 

The data thus clearly demonstrates that the illustrative Reflex algorithm of 
FIGS. 1A-1F according to the present invention is an efficient tool for proper utilization 
10 of cardiac markers in early detection of myocardial damage and can substantially reduce 
the cost by appropriate utilization of laboratory services. 

As may be appreciated from the foregoing description, including the 
,jS illustrative embodiment, the illustrative variations and modifications, and the example, 

J2 and as may be further appreciated by practicing the present invention, the present 

H5 invention provides myriad advantages and attendant advantages. For instance, a Reflex 
vj method according to the present invention not only helps determine the appropriate 

biochemical tests, but also eliminates unnecessary assays. Accordingly, it provides for a 
;»j cost effective, unambiguous, and early diagnosis of acute myocardial infarctions and a 

q stratification of risk for non-AMI patients, such as those with unstable angina pectoris. 

: ^0 Since each step in the Reflex method is determined based solely on the results of a 
yi previous assay results, and all possible combinations of laboratory results are covered, no 

human decision making is required and the Reflex method is thus well suited for 
ministerial operator implementation, and particularly well suited for programmatic 
implementation, and more particularly well suited for incorporation into the software of 
25 automated diagnostic platforms which do not require any operator intervention. It was 
also found that eliminating human decision making from test determination resulted in 
faster and more cost effective diagnosis of AMI. 

Although the above description of illustrative embodiments of the 
invention, and various modifications thereof, provides many specificities, these enabling 
30 details should not be construed as limiting the scope of the invention, and it will be 
readily understood by those persons skilled in the art that the present invention is 
susceptible to many modifications, adaptations, and equivalent implementations without 
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departing from this scope and without diminishing its attendant advantages. It is 
therefore intended that the present invention is not limited to the disclosed embodiments 
but should be defined in accordance with the claims which follow. 
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I claim: 



11. A diagnostic system comprising: 

2 an immunoassay analyzer; 

3 a clinical chemistry analyzer; 

4 an automatic sample handling device coupled between said immunoassay 

5 analyzer and said clinical chemistry analyzer to allow sharing of samples therebetween; 

6 and 

7 a processor in communication with said immunoassay analyzer and said 



8 clinical chemistry analyzer, wherein said processor commands said immunoassay 

9 analyzer and clinical chemistry analyzer to execute measurements specified by a program 

10 executed by the processor in order to facilitate diagnosis of a pathology for a subject 

1 1 according to a reflex algorithm which includes at least one immunoassay and at least one 

12 clinical chemistry assay. 

1 2. The diagnostic system according to claim 1, wherein said immunoassay 

2 analyzer and said clinical chemistry analyzer each have a respective local processor in 

3 communication with said processor, wherein the local processors respectively control 

4 execution of measurements specified by said processor on the immunoassay and clinical 

5 chemistry analyzer. 

1 3. The diagnostic system according to claim 2, wherein said processor 

2 communicates with each of said local processors via a network. 

1 4. The diagnostic system according to claim 3, wherein said network is a 

2 public or private network. 

1 5. The diagnostic system according to claim 2, wherein said local processors 

2 each independently and selectively execute a local program or subroutine to control a 

3 sequence of measurements in response to a command from said processor. 

1 6. The diagnostic system according to claim 1, wherein said processor 
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2 supports the diagnosis of the pathology. 

1 7. The diagnostic system according to claim 1, wherein the diagnosis of the 

2 pathology for the subject is based, at least in part, on results from the measurments 

3 executed according to said reflex algorithm and on additional stored information 

4 concerning the subject. 

1 8. The diagnostic system according to claim 1, further comprising a 

2 hematology analyzer coupled to said processor, and wherein said measurements specified 

3 by the program include a measurement executed by the hematology analyzer in response 

4 to a command from said processor. 

19. A system for executing a sequence of biochemical marker measurement 

2 steps, including immunoassay and a clinical chemistry assay measurements, to generate 

3 an indication of a pathology, the biochemical marker measurement steps including 

4 measuring a concentration level or an activity of at least one biochemical marker in a 

5 urine, serum, plasma or whole blood sample, the system comprising: 

6 means for performing an immunoassay measurement; 

7 means for performing a clinical chemistry assay measurement; 

8 means for sample handling between the immunoassay measurment means 

9 and the clinical chemistry assay measurement means; 

10 means for storing information representing a reflex algorithm indicating a 

11 plurality of predetermined sequences of biochemical marker measurements; 

12 means for receiving information concerning outputs from biochemical 

13 marker measurements conducted on the immunoassay means and the clinical chemistry 

14 assay means; 

15 means for selectively commanding said immunoassay measurement means 

16 and said clinical chemistry assay means to perform a specified biochemical marker 

17 measurement according to said reflex algorithm; and 

18 means for specifying an indication of the pathology according to the stored 

19 information in response to the information concerning outputs from biochemical marker 

20 measurements. 
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110. A system for executing a sequence of biochemical marker measurement 

2 steps, including immunoassay and clinical chemistry assays, the biochemical marker 

3 measurement steps including measuring a concentration level or an activity of at least one 

4 biochemical marker in a serum, plasma or whole blood sample obtained from said 

5 individual at a time specified by a reflex algorithm, the system comprising: 

6 immunoassay instrumentation that allows automatic execution of an 

7 immunoassay measurement; 

8 clinical chemistry instrumentation that allows automatic execution of a 

9 clinical chemistry assay measurement; 

10 a sample handling device coupled between said immunoassay 

1 1 instrumentation and said clinical chemistry instrumentation to allow sharing of samples 

12 therebetween; 

13 a computer-readable medium that stores information that represents the 

14 reflex algorithm; and 

15 a processor coupled to said immunoassay instrumentation, said clinical 

16 chemistry instrumentation, and said computer-readable medium, wherein said processor 

17 receives information concerning outputs from biochemical marker measurements 

18 conducted on the immunoassay instrumentation and on the clinical chemistry 

19 instrumentation, and selectively commands said immunoassay instrumentation and said 

20 clinical chemistry instrumentation to execute a biochemical marker measurement 

21 according to the reflex algorithm. 

1 11. The system according to claim 10, wherein said processor selectively 

2 suggests an indication of a pathology according to the reflex algorithm in response to 

3 receiving the information concerning outputs from biochemical marker measurements. 

1 12. The system according to claim 10, wherein said immunoassay 

2 instrumentation and said clinical chemistry instrumentation each includes a respective 

3 processor in communication with said processor. 

1 13. A computer program embodied on a computer-readable medium, for 
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2 controlling automatic execution of assay measurements by clinical chemistry assay 

3 instrumentation and by immunoassay instrumentation, comprising: 

4 a first code segment including a sequence of instructions to determine 

5 measurements to be executed by the clinical chemistry assay instrumentation and the 

6 immunoassay instrumentation according to a stored representation of a reflex algorithm to 

7 facilitate diagnosis of a pathology; and 

8 a communication code segment including instructions operative in sending 

9 to the immunoassay instrumentation and the clinical chemistry instrumentation commands 

10 to execute the determined measurements, and instructions operative in receiving 

1 1 information concerning results from the measurements executed by the immunoassay 

12 instrumentation and the clinical chemistry instrumentation. 

1 14. The computer program embodied on a computer-readable medium 

2 according to claim 13, further comprising a code segment to output an indication of a 

3 pathology on the reflex algorithm and on the measurements. 

1 15. The computer program embodied on a computer-readable medium 

2 according to claim 13, wherein said first code segment and said communication code 

3 segment are executed on a first processor, and wherein the immunoassay instrumentation 

4 and the clinical chemistry instrumentation each have a respective processor in 

5 communication with said first processor. 

1 16. In an automated diagnostic system including a means for automatically 

2 executing immunoassays, a means for automatically executing clinical chemistry assays, a 

3 means for sharing samples between the clinical chemistry assay means and the 

4 immunoassay means, and a processor, a method for detecting a pathology in an 

5 individual, comprising the steps of: 

6 selectively performing with said immunoassay means and said clinical 

7 chemistry assay means, responsive to commands from said processor to the immunoassay 

8 and clinical assay means, one of a plurality of sequences of biochemical marker 

9 measurement steps prescribed by a stored representation of a decision tree, each of the 

10 biochemical marker measurement steps including measuring a concentration level or 
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11 activity of at least one biochemical marker in a urine, serum, plasma or whole blood 

12 sample obtained from said individual at a time specified by the decision tree, each 

13 sequence of the decision tree beginning with a common first biochemical marker 

14 measurement step conducted on a first urine, serum, plasma or whole blood sample 

15 obtained from said individual at a first time specified by the decision tree, each of the 

16 biochemical marker measurement steps subsequent to the common first step selectively 

17 performed based on results from a precedent biochemical marker measurement step, each 

18 sequence terminating in a respective final biochemical marker measurement step 

19 conducted on urine, serum, plasma or whole blood sampled from said individual at a 

20 time prescribed by the stored representation the decision tree; and 

21 providing an indication of the pathology for said individual based on the 

22 sequence performed and on the results of the respective final biochemical marker 

23 measurement step. 

1 17. The method according to claim 16, wherein said step of providing an 

2 indication includes providing the indication based on the results of the biochemical 

3 marker measurements in the sequence performed, thereby depending on the specific 

4 sequence performed. 

1 18. The method according to claim 16, wherein one or more points along said 

2 decision tree indicate a recommended treatment or test other than the biochemical marker 

3 measurements within the sequences of the decision tree. 

1 19. The method according to claim 18, wherein the recommended treatment or 

2 test other than the biochemical marker measurements is provided subsequent to one or 

3 more of said respective final biochemical marker measurement steps. 

1 20. A method for executing a sequence of biochemical marker measurement 

2 steps using automatic immunoassay measurement instrumentation and automatic clinical 

3 chemistry assay measurement instrumentation, the biochemical marker measurement steps 

4 including measuring a concentration level or an activity of at least one biochemical 

5 marker in a serum, plasma or whole blood sample, the method comprising the steps of: 
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6 a processor receiving information selectively from the automatic 

7 immunoassay and clinical chemistry assay instrumentation concerning outputs from 

8 biochemical marker measurements conducted on the automatic immunoassay 

9 instrumentation or clinical chemistry assay instrumentation; and 

10 the processor selectively sending commands to the automatic immunoassay 

11 instrumentation and the clinical chemistry assay instrumentation to execute a biochemical 

12 marker measurement selected by the processor based on a stored representation of a 

13 reflex algorithm. 

1 21. The method according to claim 20, further comprising the processor 

2 executed step of specifying, after completing execution of the sequence, an indication of 

3 a pathology according to the stored representation of the reflex algorithm and on the 

4 information concerning outputs from biochemical marker measurements. 
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ABSTRACT OF THE DISCLOSURE 

A reflex algorithm for assessing cardiac patients, which does not require 
human decision-making in selecting assays to be performed. Performance of further 
biochemical marker tests on a patient is dependent upon the outcome of previously 

5 conducted tests. The reflex algorithm focuses on obtaining the most accurate test 

information as early as possible from several different tests run in very short intervals. 
The reflex algorithm may be implemented by a computer that can copy requests for the 
most appropriate test to the loadlists of automated clinical chemistry and immunoassay 
analyzers. Also provided is an integrated platform for executing clinical chemistry 

0 assays and immunoassays according to a reflex algorithm. 
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COMBINED DECLARATION AND POWER OF ATTORNEY FOR 
ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, 
DIVISIONAL. CONTINUATION OR CONTINUA TION-IN-PART APPLICATION 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original , first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled: 

AUTOMATED DIAGNOSTIC SYSTEM IMPLEMENTING IMMUN OASSAYS AND CLINICAL 

CHEMISTRY ASSAYS ACCORDI NG TO A REFLEX ALGORITHM 

the specification of which 

a. [X] is attached hereto 

b. [ ] was filed on as application Serial No. and was amended on 

, (if applicable), 

PCT FILED APPLICATION ENTERING NATIONAL STAGE 

c. [ ] was described and claimed in International Application No. _____ filed cm and 

as amended on . (if any), 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, § L56(a), 

I hereby specify the following as the correspondence address to which all communications about this application 
are to be directed: 

SEND CORRESPONDENCE TO: MORGAN & FINNEGAN, L.L.P. 

345 Park Avenue 

New York, N-Y, 10154 

DIRECT TELEPHONE CALLS TO: David V. Rorsi 

(212) 758-4800 

[ ] I hereby claim foreign priority benefits under Title 35, United States Code § 119 (a)-(d) or under 
i 365(b) of any foreign application(s) for patent or inventor's certificate or under § 365(a) of any PCT 
international spplication(s) designating at least one country other than the U.S. listed below and also have 
identified below such foreign application^) for patent or inventor's certificate or such PCT international 
application^) filed by me on the same subject matter having a filing date within twelve (12) months before that 
of the application on which priority is claimed: 
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[ ] The attached 35 U.S,C. § 119 claim for priority for the appKcation(s) listed below forme & part of 
this declaration. 

Application Date of filing Date of issue Priority 
Cotintrv/PCT Number (dav. month, vrt (day, month, yr) — Claimed 

r i yes r i no 

r i yes r i no 

. _ r i yes r i no 

[ ] I hereby claim the benefit under 35 U.S.C. J 119(e) of any tLS. provisional application^) listed below. 
Provisional Application No. Date of filiny (dav. month, vri 



ADDITIONAL STATEMENTS FOR DIVISIONAL, CONTINUATION OR CONTINUATION-IN-PART 
OR PCT INTERN ATIONAL APPLICATIONS DESIGNATING THE U.S/1 

I hereby claim the benefit under Title 35, United States Code § 120 of any United States application^) or under 
§ 365(c) of any PCT international application(s) designating the U.S. listed below. 



US/PCT Application Serial No, Filing Date, Status (patented, pending, abandoned)/ 

U.S. application no. assigned (For PCT) 



US/PCT Application Serial No. Filing Date, Status (patented, pending, abandoned)/ 

U.S. application no. assigned (For PCT) 

[ ] In this continuation-in-part application, insofar as the subject matter of any of the claims of this 
application is not disclosed in the above listed prior United States or PCT international application(s) in the 
maimer provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to 
disclose material information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred 
between the filing date of the prior appHcation(s) and the national or PCT international filing date of this 
application, 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or Imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 

I hereby appoint the following attorneys and/or agents with full power of substitution and revocation, to 
prosecute this application, to receive the patent, and to transact all business in the Patent and Trademark Office 
connected therewith: John A. Diaz (Reg, No. 19,550), John C. Vassil (Reg. No. 19,098), Alfred P. Bwert 

• 2- 
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(Reg. No. 19,887), David H. Pfeffer, P.C. (Reg. No. 19,825), Harry C. Mrtcus (Reg, No. 22,390), Robert B. 
Paulson (Reg. No. 21,046), Stephen R. Smith (Reg. No, 22,615), Kurt E. Richter (Reg, No. 24,052), J. Robert 
Dailey (Reg. No. 27,434), Eugene Moroz (Reg, No. 25,237), John F. Sweeney (Reg. No. 27,471), Arnold I. 
Rady (Reg. No. 26,601), Christopher A. Hughes (Reg. No. 26,914), William S. Feiler (Reg. No. 26,728), 
Joseph A. Calvaruso (Reg. No, 28,287), James W. Gould (Reg. No. 28,859), Richard C. Komson (Reg, No. 
27,913), Israel Blum (Reg. No. 26,710), Bartholomew Verdirame (Reg. No. 28,483), Maria C. H, Lin (Reg. 
No. 29,323), Joseph A. DeGirolamo (Reg. No. 28,595), Michael A. Nicodema (Reg. No. 33,199), Michael P. 
Dougherty (Reg. No. 32,730), Seth J, Atlas (Reg. No. 32,454), Andrew M. Riddle® (Reg. No. 31,657), Bruce 
D. DeRenzi (Reg, No. 33,676), Michael M, Murray (Reg, No. 32,537) and Mark J. Abate (Reg. No. 32,527) 
of Morgan & Finnegan, L.L.P. whose address is: 345 Park Avenue, New York, New York 10154; and 
Edward A. Pennington (Reg. No. 32,588) of Morgan & Finnegan, L.L.P., whose address is: 1299 
Pennsylvania Avenue, N.W., Suite 960, Washington, D,C, 20004. 

[ ] I hereby authorize the U.S. attorneys and/or agents named hereinabove to accept and follow 

instructions from . 

as to any action to be taken in the U.S. Patent and Trademark Office 

regarding this application without direct communication between the U.S. attorneys and/or agents and 
me. In the event of a change in the person(s) from whom instructions may be taken I will so notify the 
U.S. attorneys and/or agents named hereinabove. 



Full name of sole or first invflfitor Gerald Wagner 




Inventor's signature* /j^^G^^u^J 



date 

abidance 970 Roufg 9Nf. Upper Cjrandv iflw. New York 10960 



Citizenship: Germany 



Post Office Address Same 



[ ] ATTACHED IS ADDED PAGB TO COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR SIGNATURE BY THIRD AND SUBSEQUENT INVENTORS FORM, 

* Before signing this declaration, each person signing must: 

1. Review the declaration and verify the correctness of all information therein; and 

2. Review the specification and the claims, including any amendments made to the claims. 
After the declaration is signed, the specification and claims are not to be altered. 
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